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Geologic Risk
Risk analysis (and one of our 
biggest jobs) is to try and 
answer:

• What hazards exist?

• What is their likelihood?

• What are their consequences?



Small events happen frequently. Large events are 
disastrous and happen every few hundred years.

Knowing what the hazards 
are and where they occur 
is important...

It is equally important to know 
how often they occur.





What is an Earthquake?
•An earthquake is the vibration of 
Earth produced by the rapid 
release of energy

•Energy released radiates in all 
directions from its source, the 
focus

•Energy is in the form of waves

•Sensitive instruments around the 
world record the event

•Movements that produce 
earthquakes are usually associated 
with large fractures in Earth’s crust 
called faults



Fault types
• Dip-slip faults: 

Vertical motion
• Strike-slip faults: 

Horizontal motion
• Oblique faults: 

Combination 



Pierce County earthquake sources - active faults

Major faults in your are that could 
cause damaging earthquakes:
• Cascadia Subduction Zone, 

capable of Magnitude 9+,
subduction zone earthquake

• Deep earthquake (Benioff Zone), 
capable of ~M 6-7.5, Nisqually 
type earthquake

• Crustal Faults: Tacoma fault, 
Seattle Fault, Rattlesnake 
Mountain Fault zone, Olympia 
structure, capable of ~M 6-7.5



Active faults Fault trenching tells us about when faults ruptured and their geometry



Mapped faults





Seismic Scenarios Catalog

Shows 
expected 
ground shaking 
from different 
earthquake 
sources in 
Washington

Geologic 
Information 
Portal

https://geologyportal.dnr.wa.gov/


Principal Earthquake Hazards
• Ground shaking
• Ground failure (cracks and offsets)
• Landslides, avalanches, mudflows
• Liquefaction
• Subsidence
• Tsunamis
• Seiches
• Fires

Pioneer Square,1949 Pioneer Square,2001

1964 Niigata EQ



Two measurements that describe the size of an earthquake are
Intensity – a measure of the degree of earthquake shaking at a given 
locale based on the amount of damage
Magnitude – estimates the amount of energy released at the source of 
the earthquake

Ground Shaking-
a function of depth and local geology

Northridge earthquake 1994  –
M 6.7, 10 miles deep

Nisqually earthquake 2001 –
M 6.8, 32 miles deep
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Scope of WGS earthquake program
• Map geology and faults
• Provide information through publications and 

on our website and portal
• Collect and distribute geophysical data to 

support geologic mapping



Current projects and funding
• Studying the Doty fault to 

understand seismic hazard 
for a proposed dam near 
Chehalis, WA

• Funded by the State 
• Washington School Seismic 

Safety Project
• Funded by the State

• Seismic monitoring
• Earthquake impact analysis 

for Clark County, WA (joint 
project with Oregon’s 
geological Survey)

• Funded by DOGAMI



FEMA projects
• Riskmap and Hazus
• Community and risk 

engagement
• New- tsunami 

mapping for the 
Columbia River



Tsunami Hazards- Seattle fault inundation in Tacoma



Pierce County Questions

1. What are some notable incidents 
where this hazard occurred in our 
jurisdiction? The region?

2. What is our vulnerability to this hazard 
in terms of:

1. People? Citizens and responders 
(physical and psychological)

2. Property, facilities, infrastructure?
3. Delivery of services?
4. Environment?
5. Economic?

1949- near 
Olympia, M7, 8 
deaths, 40% of 
households and 
businesses 
damaged

1965- Puget 
Sound, M6.5, 7
deaths, $12 M 
in property 
Damage

2001- Nisqually, 
M6.8,400 
people injured, 
$ Billions in 
property 
Damage

1700- CSZ, M9(+?), Today this 
earthquake is estimated to cause 
~$49B in damage and there are 
many thousands of people at risk



Thank you for your interest in this topic. 
Questions?
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Suggest that it’s important to have good lidar for all of the state. 
Lidar is the best tool for mapping landslides because we can “see through the trees”.  
FEMA often collects lidar for river valleys but it’s also important to get coverage in the uplands 
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